I. Introduction
Four years ago, at the Particle Accelerator Conference in Chicago, there was for the first time a session dedicated to heavy-ion acceleration. I feel that a dedicated heavy-ion session is here to stay.
To bring the field into perspective, let me quote two outstanding scientists who have strong views on the acceleration and usefulness of heavy ions: R. S. Livingston wrote in 1954: (i) "In an effort to obtain larger currents of heavy ions with a more uniform energy distribution, the acceleration of partially stripped ions was undertaken at the Oak Ridge National Laboratory."
Livingston attributed the success primarily to the development of a suitable ion source. He then continues and states in the same paper:
"Our group has considered this problem (transuranic elements) and believes it to be entirely feasible to construct an accelerator which will produce many of the possible nuclear species up to atomic number 104 and mass 260."
Livingston's prediction was accurate: all elements up to and including 106 have been discovered. In fact, element 106 was discovered in 1974 by the Dubna group, led by N. G. Flerov; and the Berkeley group, led by A. Ghiorso. The search for elements above 106 is in full swing.
T. D. Lee wrote in 1974: (2) "Hitherto, in high-energy physics we have concentrated on experiments in which a higher and higher amount of energy is distributed into a region with smaller and smaller dimensions. In order to study the possibility of the 'abnormal nuclear states '(3 and the related question of the 'vacuum', we must turn to a different direction; we should investigate some 'bulk' phenomena by distributing X 500 GeV energy into a heavy concentration of nucleon density over a relatively large volume." What T. D. Lee wants is Uranium ions at v 1 GeV/u. We have studied the problem and find it entirely feasible to construct such an accelerator. (4) These two quotes--as important as they are--cannot begin to cover the vast interest in heavy-ion research existing today. It would be far beyond the scope of this paper to ennumerate the areas of active and proposed research fields. However, one can clearly recognize three energy domains with active research programs.
(a) Energies around the Coulomb barrier for projectile and target; i.e., 2.5 -10 MeV/u. (b) The negative ion source of a tandem is in equally good position; in fact, the easy access of sources is one of the attractions of a tandem system. One obviously pays the price of having only singlycharged ions in the first half of the electrostatic acceleration potential.
(c) The source in a relatively low-voltage'700kV air-insulated Cockcroft Walton is also readily accessible.
For top performance, one must furthermore require that more than one source be available for essentially instant use. This can be done with more than one injector, as the SuperHILAC; or better yet, with two source stands each in two injectors, as the Unilac (see Fig. 1 ).
It is understood that without several well-tested spare sources, no accelerator--particularly a highmass heavy-ion accelerator--will ever run reliably.
LBL-3693 III. Some Thoughts on Types of Accelerators
This paragraph is not intended to be exhaustive, since so many excellent papers on special acceleration systems are being given at this Conference. However, I will make some comments on well-known accelerator types and some frontier-type ideas.
If we regard the energy region up to and around the Coulomb barrier ' 10 MeV/u, we recognize that the linac and the isochronous cyclotron, followed more recently by Van A consequence of this situation is the flood of proposals using some other accelerator to enhance the energy. These machines are called postaccelerators, afterburners or boosters. An advantage of these very high-voltage tandem-systems is their usefulness without the postaccelerator. However, one must not overlook the fact that the care and feeding of electrostatic accelerators above 10 MV is still an art, especially for the acceleration of heavy ions. A recent survey is given in (4).
The proposed booster accelerators are almost exclusively cyclotrons, which is not too surprising.
The energy region towards which most of these proposals aim is 10 MeV/u for Uranium, and as high an energy as the cyclotron magnet design allows for lighter ions. Having accepted these boundary conditions, the cyclotron is a good choice. Injection is reasonably straightforward. In order to capture the beam at several MeV/u into a stable orbit of a cyclotron, one has basically two choices:
(a) If the cyclotron is of separated sector design, the beam can be injected and extracted by conventional beam guiding elements in one of the fieldfree sections between sectors.
(b) If the cyclotron is of the more classical single pole-tip design, charge-exchange in a stripper foil at the appropriate position is used to capture the beam into stable orbits. This method has been pioneered by a group at Orsay on the project "Alice." (6) The beam is accelerated in a linac up to 1 MeV/u and then injected into a cyclotron. Recent computational work at Oak Ridge has confirmed that this can be done over a wide variety of particles and charge states. If the energy gain in the cyclotron is modest, the orbit separation at full energy will permit easy extraction.
The transverse phase space of the tandem is difficult to preserve entirely at injection, but the increase can be kept small if only the most elementary precautions are taken. Energy spread and intensity are much more difficult to match to the postaccelerator.
For the purists, I want to make it clear that there is no fundamental problem in matching the relatively small 6-dimensional phase space of the Van de Graaff into the relatively large acceptance of an isochronous cyclotron. However, in reality, the trading of transverse and longitudinal phase space can be rather intricate.
Let's consider the longitudinal phase space alone. We then have to recognize that unless the Van de Graaff is bunched at the source, a loss in intensity or energy spread in the matching process is unavoidable. The origin of the problem is the required narrow phase width relative to the rf cycle of the bunch in the cyclotron to enable single-turn extraction. Singleturn extraction is known to produce small energy spread and is therefore desirable.
This example shall illustrate that while most combinations of accelerators are possible, a careful analysis of specifications, cost and matching process is essential.
As we require increases in energy towards 100 MeV/u and the mass of the particle towards 200 amu, both circular and linear machines become very costly. Efforts are under way to remedy the situation with superconductivity.
A proposal ha s been advanced by the group at Michigan State (7) (11) for a superconducting coil on an isochronous cyclotron magnet. The Chalk River group in Canada is very serious about their tandem-superconducting cyclotron proposal f8) which will be described later in this session. At ORNL and at LBL studies have also been made regarding superconductive cyclotrons. A number of problems still needs to be overcome, one of them being extraction, but it appears that we will see at one place or another a superconducting cyclotron in the near future.
Recognizing the advantages of linacs, various groups in the U.S. and abroad actively pursue higher gradient linacs. Some low a structures being studied are at room temperature; others make use of superconductivity. At this Conference there were reports(g) (10) about superconducting helices and reentrant cavity linacs. The effort at Argonne National Laboratory will produce soon some experimental experience with a superconducting helix accelerator using a 10 MV tandem injector. Similar We are currently installing a digital control system which is capable of adjusting injection line, rf system, stripper area parameters, kicker magnets, etc., in such a fashion that each pulse could in principle be a different particle and a different energy at a different target location. Hence the choice of particles and energies at the SuperHILAC and the Bevalac experimental areas is to a large extent a free parameter.
Unilac at GSI* A first-class heavy-ion center, which will produce its first experimental beams this year, is the GSI*, with its Unilac (15) , situated at the outskirts of Darmstadt, Germany. This center has already made many lasting contributions because of its broad systematic approach in fields connected with the production and acceleration of heavy ions. To mention a few: chargeexchange studies (16) and measurements, ion-source development, the first well-engineered Wideroe linac, etc. The new standard of engineering excellence achieved at GSI is most impressive.
The Unilac has two Cockcroft-Walton injectors with two ion source terminals each. An injection line with isotopic analysis brings the beam from either injector to a series of Wideroe tanks. Subsequent acceleration occurs in two Alvarez linacs followed by a number of single cavities. Stripping and charge analysis are provided between the Wideroe and the Alvarez sections. The maximum energy for the highest mass particles is slightly above 10 MeV/u. Much is expected of this outstanding facility. Let me just mention that not only will the accelerator itself set a new standard of excellence--the layout of the experimental area will be the envy of at least one generation of heavy-ion experimenters. If this linac performs up to its expectations, it could also make an excellent injector into a second-stage accelerator.
Van de Graaff -Cyclotron Facilities As has been mentioned in the introduction, Oak Ridge has a distinguished record in heavy-ion work. In recent years, the isochronous cyclotron, ORIC, combined with its source development, led the way in heavy-ion beams at cyclotrons.
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The linacs, and to a lesser degree the cyclotrons, compare unfavorably in energy resolution and emittance to Van Studying the various proposals employing Van de Graaffs--and there are many--one realizes quickly that the electrostatic accelerator is really thought of as an injector into a postaccelerator. InthePhaseI proposal at Oak Ridge, ORIC will serve as a postaccelerator (see Fig. 3 ). The Chalk River group is engaged in R & D for a superconducting cyclotron as a booster for their tandem (Fig. 4) . In Berlin, the project Vicksy at the Hahn Meitner Institute has contracted for a split-pole cyclotron to be injected by their CN Van de Graaff. We will hear more about these projects in this session.
GANIL -Orsay, France
The discussion of the last paragraph raises the question: Why not use a different injector to match into the second (or third) cyclotron stage? Such an approach has been proposed by the GANIL group. Fig. 5 shows two separated sector cyclotrons with a maximum energyqf 400 Z'/A MeV with two injector cyclotrons of 25 Z /A MeV energy capability. The proper combination of two or three cyclotrons will produce Uranium ions of 10 MeV/u and higher energies for lighter ions. This facility will be at the high energies equal in beam characteristics and intensity to a 25 MeV tandem with a similar cyclotron as booster accelerator. Again, a more detailed description will be given in this session.
Plans and Hopes for Relativistic HeavyIon Accelerators
The field of heavy-ion research experienced a great impetus when the speculation of the existence of super-heavy elements was announced several years ago. In fact, the search for super-heavy elements was one of the prime justifications for the funding of the SuperHILAC. As mentioned above, the search is still on. The recent speculations of Lee 
